We synthesized poly(N-isopropylacrylamide-co-acrylic acid) microgels with 1, 3, 5, and 7 mol percentage of acrylic acid. Silver nanoparticles were fabricated inside these microgels at room temperature. Pure microgels were characterized by Fourier transform infrared (FTIR) spectroscopy and dynamic light scattering (DLS). Hybrid microgels were characterized by UV-Visible spectroscopy. The size of the silver nanoparticles increased with an increase in the content of acrylic acid. Catalytic activity of these hybrid microgels was investigated using UV-Visible spectrophotometry.
Introduction
Metal nanoparticles have gained a lot of attention as catalysts due to their size and shape dependent properties.
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Silver (Ag), 8, 9 platinum (Pt), 10 copper (Cu), 11, 12 nickel (Ni), 13, 14 iron (Fe), 15 and gold (Au) 16,17 metal nanoparticles have been extensively used as catalysts in various reactions. For example, p-nitrophenol (p-NP), 9,18 nitrobenzene (NB), 19, 20 o-nitrophenol (o-NP) 21, 22 and m-nitrophenol 22 can be reduced in aqueous medium using metal nanoparticles as catalysts. Aggregation or coagulation of nanoparticles limits their activity in the field of catalysis, because catalysis is a surface phenomenon and coagulation of nanoparticles results in a decrease in surface area. 8 A capping agent or a stabilizer in the form of polymer or surfactant is mostly used to avoid aggregation of nanoparticles. 23 Polymer networks in the shape of polyelectrolyte brushes, 18 microgels, core-shell networks, 24, 25 and dendrimers 26, 27 are good carriers for nanoparticles as well as good microreactors for synthesis of nanoparticles. Among these systems, microgels are more useful for these purposes. Microgels can be used as microreactors to synthesize metal and metal oxide nanoparticles. 28 The size and shape of nanoparticles can be controlled by controlling the crosslinking density and void size of polymer microgels. Metal nanoparticles * Correspondence: zhfarooqi@gmail.com fabricated microgel has the properties of both nanoparticles and microgels. The catalytic and optical properties of metal nanoparticles can be tuned by change in environment of smart hybrid microgels. 29−31 The reactants can easily diffuse through an open polymer network towards the nanoparticle catalysts. The swelling/deswelling of microgel particles in the presence of different stimuli can control the diffusion of reactants toward the surface of metal nanoparticles. The hybrid polymer microgels can be recycled by simple centrifugation method.
Due to these qualities, hybrid microgels are largely used as catalysts. 9, 12 People working in this area are not only interested in the study of catalysis by hybrid microgels, but they also want to modulate the rate of catalysis by changing external parameters. By changing these parameters, rate of catalysis can be modulated. 34 They reported that charge density within the polymer network increases by increasing mol percentage of AAc. They also reported that the hydrodynamic radius of microgels having 10 mol percentage of AAc is greater compared to microgels having 3 mol percentage of AAc at pH 10. We thought that if feed contents of AAc affect the swelling ratio of microgels then they should affect the size and catalytic activity of Ag nanoparticles fabricated inside the microgels. Here we report the synthesis of compact Ag nanoparticles. The surface area of these nanoparticles can be increased by making them hollow. People are working on the synthesis of such complex structures and so these structures can prove to be useful for catalysis in future.
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In this research, we studied the effect of mol percentage of AAc on rate of catalytic reduction of p-NP into p-aminophenol (p-AP). For this purpose, initially we synthesized 4 different samples of p(NIPAM-co-AAc) microgels having different content of AAc. Then we fabricated Ag nanoparticles inside these microgels using in vivo reduction. Then we employed these hybrid microgels as catalysts for reduction of p-NP in aqueous medium to investigate the effect of feed contents of AAc on the value of apparent rate constant (k app ).
Results and discussion

Fourier transform infrared spectroscopy (FTIR) of p(NIPAM-co-AAc) microgels
The FTIR spectrum of the 7-AAc microgel sample is shown in Figure 1 Figure 1 . FTIR spectrum of 7-AAc sample of p(NIPAM-co-AAc) microgels.
DLS study of p(NIPAM-co-AAc) microgels
The plot of pH sensitivity of the 7-AAc sample of p(NIPAM-co-AAc) microgels at 22
• C is shown in Figure   2 . Figure 2 shows that the hydrodynamic radius (R h ) of microgels increases with an increase in pH at 22
The increase in the value of R h with an increase in pH confirms that the particle size of microgels increases with pH. The shape of the curve confirms that this increase in particle size is uniform. The pk a of AAc is approximately 4.5. 42 When pH is less than the pk a of AAc, the value of R h is small because carboxyl groups (−COOH) are in protonated state and electrostatic repulsions are absent. When the pH of the medium is around the pK a of AAc, -COOH ionizes and converts into carboxylate ions (-COO − ) . Thus electrostatic repulsions among carboxylate groups develop and push the polymer network apart, water rushes inward, and particle size increases. In addition, the more hydrophilic nature of ionized carboxylate ions as compared to protonated carboxyl groups also attracts water molecules with greater force inward and causes an increase in particle size. 43 When the pH of the solution is above 7, all carboxyl groups have ionized; thus no further increase in R h value is observed with a further increase in pH. All samples of microgels, which have different AAc feed content, were prepared by the same method using the same monomers; thus all samples possess a similar trend of pH sensitivity. That is why it is confirmed that the polymer network did not offer any resistance against diffusion of reagents (p-NP and NaBH 4 ) towards the surface of nanoparticles when microgels were employed for catalytic applications at high pH and low temperature. Therefore, the catalysis of p-NP is studied at 21
• C in basic medium (as discussed below in section 2.5. of this manuscript). 
Growth of silver nanoparticles within p(NIPAM-co-AAc) microgels
In this study, Ag nanoparticles were in situ synthesized by chemical reduction method using p(NIPAM-co-AAc) microgels as microreactors. A diagrammatic representation of all events occurring during the in situ synthesis of nanoparticles within microgels is shown in Figure 3 . The p(NIPAM-co-AAc) microgels are crosslinked and porous. The dimensions of sieves of microgels fall into the nano range. Therefore, microgels are considered to be ideal for the synthesis of particles having nano dimensions. 44 The p(NIPAM-co-AAc) microgels are co-polymers of NIPAM and AAc. AAc is an acidic monomer that ionizes when the pH of the medium is greater than its pK a value ( ∼ 4.25). 45 First of all, the pH of the solution was increased above 4.25 using a base like sodium hydroxide, so that carboxyl groups (-COOH) are ionized and converted into negatively charged carboxylate ions (-COO − ). Then AgNO 3 is added to the reaction mixture. AgNO 3 ionizes and gives positively charged silver ions (Ag + ). Silver ions are counter ions of carboxylate ions; so silver ions are attracted toward carboxylate ions due to electrostatic attraction. This electrostatic attraction makes the silver ions diffuse from outside to inside of micro gel. As AAc units are homogenously distributed within the network of p(NIPAM-co-AAc) microgels, all silver ions do not accumulate within one sieve. Therefore, it is clear that silver ions are diffused into the whole network of microgels. After addition of AgNO 3 , NaBH 4 is added to the reaction mixture, which reduces silver ions to silver atoms. All silver atoms present in a sieve of microgels coalesce and form a Ag nanoparticle. In this way, growth of Ag nanoparticles occurs in every sieve of microgel particles. As AAc are homogenously distributed within the whole network of microgel particles and all sieves are of almost the same size, the nanoparticles formed in every sieve are almost the same size. Microgels also prevent growth of nanoparticles into bigger particles. 
Effect of mol percentage of AAc on the size of in vivo synthesized silver nanoparticles
UV-Visible spectra of 1-AAc-Ag, 3-AAc-Ag, 5-AAc-Ag, and 7-AAc-Ag hybrid microgels at pH 10.37 and temperature 18
• C are shown in Figure 4 . The values of λ SP R and absorbance at λ SP R are listed in Table   1 . It is revealed from Figure 4 and Table 1 that the value of λ SP R and absorbance at λ SP R increase with an increase in the mol percentage of AAc in microgels. The single peak in all spectra confirms that silver nanoparticles synthesized within all microgel samples are spherical. 46 Spectra of all samples of hybrid microgels are different in position, height, and broadness of peak in Figure 4 , which indicates that size, size distribution, and number of Ag nanoparticles is not the same within all hybrid microgel samples. The value of λ SP R increases from 403.2 to 430 nm with an increase in the mol percentage of AAc from 1% to 7%. This means that the size of Ag nanoparticles increases with an increase in the feed content of AAc. When the content of AAc in feed composition increases, the number of carboxyl groups incorporated within microgels also increases. As the pH of the reaction mixture during nanoparticle fabrication was maintained at 8.98 (8.98 > pKa of AAc (4.25)), 47 carboxyl groups were in ionized form. Due to electrostatic repulsion among negatively charged carboxylate ions (-COO − ), microgels swell up. 9 The force of electrostatic repulsion is greater in 7-AAc microgels as compared to 1-AAc microgels, because the 7-AAc sample has high feed contents of AAc. Thus the hydrodynamic radius of microgel samples having high feed of AAc is greater in swollen state as compared to those samples having low feed of AAc. 48 Thus the number of silver ions entered inside the network increases because an increase in AAc feed contents increases the swelling ratio of micro gels and electrostatic attraction between positively charged silver ions and negatively charged carboxylate ions. Thus the number of silver ions diffused into the 7-AAc sample is greater than those into 1-AAc. In this way, nanoparticles of greater size are synthesized within microgels containing high mol percentage of AAc as compared to those microgels having low mol percentage of AAc. Zhang et al. reported that a red shift in λ SP R takes place when the size of nanoparticles is increased. 49 They observed a red shift in λ SP R when the size of Au nanoparticles was increased from 24.1 ± 1.7 to 44 ± 5 nm. Similarly, Wu et al. observed that the value of λ SP R increases from 529 to 573 nm by increasing the size of Au nanoparticles from 15 to 95 nm. 50 It is well known that peak broadness depends upon the size distribution of nanoparticles. Thus content of AAc not only affects the size of nanoparticles here, but size distribution of Ag nanoparticles is also affected. It is shown in Figure 4 that the peak of λ SP R changes from a sharp to a broader peak when mol percentage of AAc increases from 1% to 7%. Thus the majority of nanoparticles within the 1-AAc-Ag sample are of similar sizes, but nanoparticles fabricated in 7-AAc-Ag have broad size distribution. In the case of the 7-AAc-Ag hybrid system nanoparticles can easily diffuse and get aggregated, and thus it gives a broad distribution of nanoparticles. Therefore, the peak of λ SP R gets broader due to aggregation on increasing content of AAc.
The full width at half maximum of spectra of 1-AAc-Ag is 133.1 nm but that for spectra of 7-AAc-Ag is 175 nm, which indicates the size distribution broadening with an increase in feed contents of AAc. Absorbance at λ SP R also increases with an increase in AAc content (Figure 4 ). This increase in absorbance occurs due to an increase in the size of Ag nanoparticles with an increase in feed contents of AAc. 51−53 Jana et al. synthesized
gold nanoparticles of different sizes ranging from 5.5 to 37 nm by variation of seed to metal salt and calculated the values of their molar extinction coefficients. 48 They found that the value of the molar extinction coefficient increases with an increase in the size of nanoparticles. Our results are in good agreement with these results. Therefore, the increase in absorbance with an increase in acrylic acid feed contents is due to an increase in the size of Ag nanoparticles.
Catalytic reduction of p-nitrophenol
Reduction of p-NP to p-AP was used as a model reaction to investigate the catalytic activity of all samples of hybrid microgels here. Figure 5 shows the spectra of the catalytic reduction of p-NP by 1-AAc-Ag microgels scanned at different time intervals. All spectra scanned during the whole time of the reaction have only 2 peaks. This means that no other product is formed during the reaction. Absorbance at 400 nm decreases with time, while absorbance at 300 nm increases with time. This concomitant change in absorbance at 400 and 300 nm shows that catalytic reduction is taking place. It also indicates that concentration of p-NP decreases in the reaction mixture with the passage of time, while concentration of p-AP increases with the passage of time. Table 2) . Values of induction time duration for all samples are given in Table 2 . The values in Table 2 and Figure 7 show that the duration of induction time decreases with an increase in the feed content of AAc. It is well known that the swelling ratio of p(NIPAM-co-AAc) microgels increases with an increase in AAc content. 34 Therefore, the size of microgel particles of sample 7-AAc-Ag is greater than that of 1-AAc-Ag microgel sample at pH 10.37. The polymer network around metal nanoparticles is not more compact in the case of 7-AAc-Ag as compared to 1-AAc-Ag. The reactants can diffuse easily through the network towards the catalyst surface in the 7-AAc-Ag sample. However, in case of 1-AAc-Ag, the reactants face some hindrance to approach the catalyst. That is why the value of induction time decreases with an increase in AAc feed contents ( Figure 7 ). This region of the plot of ln(A t /A o ) as a function of time is shown separately in Figure 8 . The slope of the plot was used for determination of k app using a pseudo-first order kinetic model. Figure 8 shows that the slope is different for all samples. Therefore, values of k app for 1-AAc-Ag, 3-AAc-Ag, 5-AAc-Ag, and 7-AAc-Ag hybrid microgel catalyzed reduction are different ( Figure 9 shows the plot of k app as a function of mol percentage of AAc. This plot indicates that the value of k app decreases from 0.226 to 0.109 min −1 when mol percentage of AAc increases from 1% to 7%. This decrease in the value of k app is linked to the size of nanoparticles fabricated within microgels. Nanoparticles of greater size are present in microgels having a high content of AAc. Catalysis is a surface phenomenon and larger nanoparticles have a smaller surface area as compared to smaller nanoparticles. Therefore, the rate of catalysis decreases with an increase in feed contents of AAc. In addition, aggregation of nanoparticles within a sample having a high content of AAc may cause a reduction in surface available for catalysis. Thus a decrease in the value of k app is observed with an increase in AAc content. Interestingly, the value of k app decreases linearly with an increase in feed contents of AAc, which can be helpful for quantitative analysis of microgels to determine the AAc feed contents in the sample. 
Experimental
Materials
Sodium borohydride (NaBH 4 ) was obtained from Scharlau Company, while acrylic acid (AAc), N-isopropylacrylamide (NIPAM), N, N -methylenebis(acrylamide) (BIS), sodium dodecylsulfate (SDS), and p-nitrophenol (p-NP) were purchased from Sigma-Aldrich. Only AAc was purified, by passing through alumina to remove inhibitor under reduced pressure.
Synthesis of p(NIPAM-co-AAc) microgels
All samples of microgels were prepared by surfactant free precipitation polymerization as reported previously by our group. 43, 51, 54, 55 Monomers, NIPAM and AAc, crosslinker BIS, and surfactant SDS were dissolved in 95 mL of distilled water in a 3-necked round bottom flask. Then this solution was purged with nitrogen gas at 70
• C for 30 min with constant stirring. Then 5 mL of 0.05 M ammonium persulfate was added dropwise to this mixture. After this, the reaction mixture was continuously stirred at 70
• C for 4 h. Later synthesized p(NIPAM-co-AAc) microgels were cooled and dialyzed using Spectra/Por molecular porous membrane tubing (Fisher Scientific) having MWCO 12,000-140,00 for 1 week against daily exchange of water. Total number of mol was 0.01. The feed compositions of all prepared p(NIPAM-co-AAc) microgels are listed in Table 3 . 
Synthesis of Ag-p(NIPAM-co-AAc) hybrid microgels
First, 14, 36, and 0.4 mL of pure microgel dispersion, water, and AgNO 3 solution (0.1 M), respectively, were added to a 3-necked round bottom flask. After continuous stirring for 30 min under atmosphere of nitrogen gas, 5 mL of NaBH 4 solution (0.01 g/5 mL) was added to this mixture. Then this reaction mixture was stirred for 90 min. Later the hybrid microgels were dialyzed for 1 h against twice exchange of water. 1-AAc-Ag, 3-AAcAg, 5-AAc-Ag, and 7-AAc-Ag hybrid microgel samples were prepared from 1-AAc, 3-AAc, 5-AAc, and 7-AAc microgels, respectively, by using the above method. Moreover, pH of the reaction mixture was maintained at 8.98 before addition of reducing agent for preparation of all samples of hybrid microgels.
Catalytic reduction of p-nitrophenol
First, 2 mL of p-NP (0.08 mM), 0.4 mL of NaBH 4 (77.5 mM), and 0.1 mL of hybrid microgels (55% diluted) were taken in a cuvette for study of reduction of p-NP. The reaction was monitored by UV-Visible spectrophotometry using a UVD 3500 (Labomed Inc.). The spectra were scanned in the range of wavelength of 200-500 nm at a fixed time interval up to the completion of the reaction at 21 • C.
Characterization
An RX I FTIR spectrometer (PerkinElmer) was used to obtain FTIR spectra in the near infrared range of 4000-650 cm −1 . A 90Plus particle size analyzer (Brookhaven, USA) equipped with a solid-state laser (wavelength = 659 nm) and a power of 15 mW was used to measure the size of particles at an angle of 90 • in aqueous solution.
A UVD 3500 (Labomed Inc.), was used for UV-Visible studies.
Conclusions
In this study, we investigated the impact of the feed contents of acrylic acid on the size and size distribution of silver nanoparticles fabricated inside microgels. These hybrid microgels were used as catalysts to investigate the effect of the feed contents of acrylic acid on the value of induction time and apparent rate constant of pnitrophenol. The red shift in surface plasmon resonance wavelength confirms that the size of in vivo synthesized silver nanoparticles increases with an increase in the contents of acrylic acid. The increase in full width at half maxima with an increase in acrylic acid contents indicates broadening of size distribution with an increase in acrylic acid contents. The value of the apparent rate constant of the catalytic reduction of p-nitrophenol decreases with an increase in the mol percentage of acrylic acid. This decrease is due to the increase in the size of nanoparticles with an increase in the content of acrylic acid. The linear decrease in the value of the apparent rate constant with feed contents of acrylic acid has a potential to be used for quantitative determination of the feed contents of acrylic acid in microgels.
